Background: Task shifting has become an increasingly popular way to increase access to health services, especially in low-resource settings. Research has demonstrated that task shifting, including the use of community health workers (CHWs) to deliver care, can improve population health. This systematic review investigates whether task shifting in low-income and middle-income countries (LMICs) results in efficiency improvements by achieving cost savings. Methods: Using the PRISMA guidelines for systematic reviews, we searched PubMed, Embase, CINAHL, and the Health Economic Evaluation Database on March 22, 2016. We included any original peer-review articles that demonstrated cost impact of a task shifting program in an LMIC. Results: We identified 794 articles, of which 34 were included in our study. We found that substantial evidence exists for achieving cost savings and efficiency improvements from task shifting activities related to tuberculosis and HIV/AIDS, and additional evidence exists for the potential to achieve cost savings from activities related to malaria, NCDs, NTDs, childhood illness, and other disease areas, especially at the primary health care and community levels.
Background
Efficient and effective health systems are critical for managing healthcare costs, addressing rising burden of disease, and providing sustainably universal health coverage. The efficiency of health spending has major implications for the health of the population. In low-income and middleincome countries (LMICs) of Africa, Asia, and the Middle East, increasing the efficiency of health spending could increase health-adjusted life expectancy by 1-2 years [1] .
Human resources for health (HRH) make up a significant portion of health expenditures; in LMICs, spending on salaried health workers makes up 28.7-33.2% of total health expenditure [2] . Improving the efficiency of spending on HRH can improve the efficiency of health systems, which can free up financial and other resources and ultimately improve health coverage [3] .
According to the World Health Organization (WHO), task shifting "presents a viable solution for improving health care coverage by making more efficient use of the human resources already available and by quickly increasing capacity while training and retention programs are expanded" [4] . Task shifting can produce equivalent or superior outcomes for many diseases and health interventions including non-communicable diseases [5] , HIV/AIDS [6, 7] , contraceptive distribution [8] , and others [5, 9] .
Given the high spend on HRH, the evidence for task shifting as a way to improve population health, and the prominence of task shifting on the global policy agenda, policymakers should understand the cost and efficiency implications of this approach to health systems strengthening (HSS). Therefore, our systematic review aims to answer the following question: Does task shifting result in cost savings and efficiency improvements for health systems or patients in LMICs?
To our knowledge, only one literature review has addressed a similar question so far [10] . That review found that community health workers (CHWs) are cost-effective for treating TB and select other disease areas, such as reproductive, maternal, newborn, and child health (RMNCH). Our review builds on the important initial review conducted by Vaughan et al. in three ways. First, our search strategy takes a broader scope in that it reviews other forms of task shifting besides the use of CHWs (e.g., shifting the work of physicians to nurses or the work of nurses to pharmacy technicians), which may contribute to HSS.
Second, our review looks at evidence for efficiency improvements achieved by shifting tasks from one cadre of workers to another, rather than whether an intervention using a specific type of health worker meets a cost-effectiveness threshold. Although costeffectiveness thresholds (e.g., cost/unit of health improvement above or below a pre-defined benchmark) are an important criterion for prioritizing interventions, cost-effectiveness as measured by an actual reduction in costs without a reduction in programmatic quality is particularly salient for policymakers trying to improve the efficiency of the health system. Therefore, we review whether studies found changes in cost per input/ process, output, or outcome as a result of task shifting. Whereas cost savings on inputs/processes are very likely since the wage for a lower-skilled worker will almost always be lower than that of a higher-skilled worker, cost savings on outputs and outcomes are not as guaranteed since lower-skilled workers might operate less efficiently. A reduction in cost per output or outcome can be interpreted as an improvement in efficiency and therefore a true savings to the health system (with changes in cost per outcome as the stronger indicator), but a reduction in cost per input/process can only be interpreted as an efficiency improvement if it is accompanied by the documentation of no change (or an improvement) in clinical or programmatic quality.
Third, following from the previous point, our review also captures and reports evidence of changes in programmatic or clinical quality as a result of task shifting for each included reference, which Vaughan et al. do not systematically report. Reporting programmatic quality outcomes is important for determining whether a reduction in costs actually indicates an improvement in health systems efficiency.
Methods
This systematic review follows the criteria and methodology described in the PRISMA guidelines on systematic reviews [11] .
Search process and criteria
This search relied on an internal protocol developed by both authors, with the support of a Harvard University librarian specializing in systematic reviews. The protocol was not registered externally. We searched PubMed, Embase, CINAHL, and the Health Economic Evaluation Database. The main search that was conducted on March 22, 2016, was as follows (for PubMed), with an additional search term for LMICs, and any publication from before that data was eligible for our review:
(task shift* We also conducted several additional searches based on a review of citation lists from relevant publications, and based on recommendations from public health researchers.
Study selection and eligibility criteria
After conducting our search, all titles were reviewed for relevance. After excluding irrelevant titles, we read all abstracts and, when appropriate, full articles to determine the relevance of the article for our research question. In order to be included in the study, the publication had to meet the following criteria:
Report on an effort, such as a program or policy intervention, involving task shifting of a clinical activity or health systems-related activity Report a comparison of program costs from the task shifted model for conducting the activity or service to a comparable activity in a model that does not involve task shifting.
Report results from an actual intervention, rather than a computer model or simulation Report results from a low-income or middle-income country Be original research about an intervention published in a peer-reviewed format (as opposed to an editorial, literature review, opinion piece, interview, etc.) Have a complete article available (as opposed to just an abstract) Be published in English
Data collection process
In order to extract data for this review, we piloted an Excel-based data collection tool that was used to capture results from a preliminary search, the results of which were presented at the Harvard Ministerial Leadership Program in the summer of 2016. Based on our experience with this initial process, we modified the tool accordingly and finalized a tool which collected the following information: author, year, title, publication, abstract, country, continent, description of the intervention, main indicator, result on relevant indicator, and data on programmatic quality changes resulting from the intervention. Studies were not excluded if they did not have relevant quality comparisons. Results which did not provide evidence of cost changes, such as baseline costing studies, were excluded. GS conducted a first review of all references in the search, and the list was reviewed by RA and other public health researchers in order to identify missing references or references which had been improperly included.
We also retrospectively categorized the included references based on whether the main indicator documented changes in cost per input/process, output, or outcome, using the following definitions: [12] .
Inputs/processes: resources required to conduct an activity, or a discrete activity such as a patient visit with a clinician Outputs: direct products of program activities, such as number of individuals treated Outcomes: changes in health status as a result of the program, such as number of patients cured or number of deaths averted
Risk of bias
As with any systematic review, the references and data sources for this review contain the possibility for bias. At the level of individual references, authors are more likely to report cost data if their program resulted in cost savings, especially if costing/cost-effectiveness was not the primary purpose of the study.
Across all studies, there is also a risk of publication bias and selective reporting within studies, especially if authors more frequently chose to report positive outcomes (such as cost savings). Of course, the decision to implement task shifting in a given context would require extensive analysis of that particular intervention's potential impact, and we caution researchers and policymakers not to interpret the findings from this review as indicative of the results that they can expect to achieve.
Results

Study selection
We reviewed 791 articles and identified 34 references which analyzed the cost implications of task shifting in LMICs-22 in sub-Saharan Africa, eight in Asia and four in Central or South America. See Fig. 1 [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] , three reported results from modeling of hypothetical programs rather than actual interventions [25] [26] [27] , one reference did not have a full article available [28] , and one reference reported the same data from the same program as another reference already included in our review [29] .
Of the 34 studies included in our review, 30 found evidence of a reduction in health costs either to the health system or the patient, and four had a mixed impact, an increase in costs, or no changes in costs [30] [31] [32] [33] . Almost all the studies focused on the effects of shifting clinical or public health tasks related to a specific disease or disease area, while one study focused on task shifting a HSS activity (mapping of village geographic coordinates) [34] . Only two studies examined task shifting within a hospital, whereas all others examined task shifting from the hospital to the primary health care (PHC) or community levels, or task shifting within the PHC/community level.
Of the 30 studies that found evidence of cost savings, 10 reported a cost savings per outcome, 13 reported a cost savings per output, and 3 reported a cost savings per input/process coupled with a corresponding maintenance or improvement in programmatic quality. Although cost savings on inputs/processes do not indicate efficiency improvements as strongly as savings on outputs or outcomes, the combined body of evidence from these 26 studies suggests that task shifting yields cost savings that result in efficiency improvements to the health system, especially at the PHC and community levels. The four citations which reported cost savings on an input/process and which did not report changes in clinical or programmatic quality all reported on tasks related to different disease areas/HSS activities.
The full list of references meeting inclusion criteria can be found in Table 1 .
Tuberculosis
Nine studies demonstrated cost savings with task shifting for identification, diagnosis, and treatment of tuberculosis. Strategies for reducing costs included task shifting treatment supervision to health workers in the community [35] [36] [37] [38] [39] [40] [41] , to home guardians or close relatives [42] , laypersons [43] , and in one case entrusting patients to take medicine without direct supervision [13] . Programmatic and clinical indicators, such as treatment success rate, treatment completion rate, and case finding rate, also indicate that task shifting programs maintained programmatic quality comparable or superior to traditional models of care.
HIV/AIDS
Studies in this review revealed cost savings from task shifting prevention and care for a high-risk group (men who have sex with men (MSM)) to community-based organizations [44] , and dispensing of ART from pharmacists to Indirectly Supervised Pharmacist Assistants (ISPA), adherence clubs, or other pharmacy-only refill programs [45] [46] [47] [48] . Programmatic indicators, such as patient retention, viral load, and mortality also indicate that these programs maintained high quality of care. These findings indicate that the dispensation of ARTs, especially to clinically stable patients who are very familiar with the routine of taking these drugs, is suitable for task shifting in low-resource (and possibly other) settings.
One study examining task shifting of ART dispensation to clinics found both an increase of costs in one state and a decrease in another state [31] , and one study examining the task shifting initiation and management of ART treatment found no statistically significant differences in costs [30] .
Malaria
Our review identified five articles that identified cost savings related to task shifting for malaria-related programs: CHW management of malaria [49, 50] , village health worker (VHW) administration of IPT [51] , community-based surveillance and treatment of malaria [52] , and community-based surveillance and trapping of mosquitoes for vector control [53] . Indicators of program and clinical quality, such as administration of appropriate treatment, treatment completion rate, and average time from examination to initiation of treatment, indicate that the programs also maintained or improved programmatic quality. One study found a minor (9%) increase in the cost of administration of IPT during pregnancy when shifting to a community-based model. Although the evidence is less robust than that for TB or HIV/AIDS, these findings suggest that many malaria-related tasks can achieve cost savings from task shifting.
Other disease areas and activities
Our review identified 11 additional studies which provided evidence of cost savings from task shifting for activities related to other diseases or health systems strengthening. These activities included controlling blood pressure through a combination of general practitioner and CHW activities [54] , community-based management of severe acute malnutrition [55] , integration of the detection of sleeping sickness intro routine CHW activities [56] , treatment for mental health problems by a "collaborative care" team that included a lay health worker and mental health specialist [57] , administration of major obstetric procedures by assistant medical officers instead of physicians [58] , homebased treatment of severe pneumonia by lady health workers [59] , integration of surveillance to reduce transmission of Chagas disease by Primary Health Care agents instead of specially trained professionals [60] , diagnosis and treatment of schistosomiasis by CHWs [61] , treatment of diarrhea by CHWs [62] , communitybased integrated child care using volunteers to monitor and maintain growth [63] , and geo-mapping activities by CHWs and nurses instead of dedicated GIS teams [34] .
Discussion
This review aimed to identify whether task shifting can result in cost savings and efficiency improvements to health systems. Our results indicate that task shifting is a promising approach to achieving cost savings and improving efficiency in LMICs, and our results build on previous work which concluded that task shifting can be an effective way to improve population health. These findings have significant policy implications, discussed below, as well as important limitations.
1. Task shifting can help achieve cost savings and improve efficiency for activities related to top global health priorities, emerging global health issues, and neglected tropical diseases, but the evidence base is mostly limited to PHC and community-based care
The most robust body of evidence found in this study is for achieving cost savings from task shifting activities related to TB and HIV/AIDS. Given the high burden of these diseases in LMICs and the longitudinal nature of preventing, treating, and managing these diseases, interventions that can reduce both their economic and health burdens simultaneously are particularly important for the future of global health. Each year there are 1.5 million new cases of tuberculosis, mostly in LMICs, and the global burden of TB amounts to approximately $12 billion annually [64, 65] . As of 2015, 36.7 million people were living with HIV, and meeting UNAIDS targets will require nearly $20 billion annually [66, 67] . TB treatment using DOTS is a relatively routine activity that occurs over many months and can take place in the community (when the infection is not drug-resistant).
Dispensation of ART to clinically stable patients who know and follow their drug regimens is also a relatively routine process. Therefore, these activities are well-suited for task shifting, and health systems can likely improve their efficiency by undertaking such efforts. Outside of TB, HIV/AIDS, and malaria, the evidence for cost savings from task shifting was spread across many disease areas, making it difficult to conclude that task shifting activities for a specific disease could result in cost savings. Nonetheless, the fact that programs achieved cost savings from such a diverse set of diseases and across multiple geographies indicates that policymakers and program planners should consider task shifting as one of many potential approaches to improve efficiency in their health systems. The evidence for cost savings came from disease areas such as childhood illnesses, non-communicable diseases (which are receiving increased priority at the global level due to the Sustainable Development Goals), and neglected tropical diseases (NTDs). Almost all studies identified shifted tasks to or within the context primary health care (PHC) or community-based care. Although several citations identified cost savings by shifting tasks from hospitals to PHC or community care, only one citation found cost savings by shifting tasks within the hospital setting [58] . One additional study within the hospital setting found that shifting surgical care from physicians to clinical officers did not yield cost savings, but it did not analyze the cost-effectiveness of shifting surgical tasks from surgeons to other physicians [33] . While the body of evidence in this review suggests that task shifting can improve efficiency across multiple disease at the PHC and community levels, more research is needed on the effects of task shifting within secondary, tertiary, and highly specialized care. 2. Models of task shifting involve more than transferring clinical care to CHWs CHWs play a key role in reducing costs and increasing access to care in the health system. Nonetheless, this research shows that many models of task shifting exist outside of a simple transfer of clinical care to a CHW. Of course, many types of associate health professionals exist, such as pharmacy technicians, lay counsellors, and medical assistants, and the references included in this study reflect this diversity of health professions [68] . In particular, the use of different models for dispensing ART to HIV-positive patients was documented in multiple studies. In addition, several studies used models where CHWs or other lower-skilled workers collaborated with clinicians in order to provide a new model of care for the patient [54, 57] . Interestingly, only two studies identified cost savings from task shifting non-clinical activities: geo-mapping by CHWs and community-based mosquito trapping and surveillance. Given the importance that many non-clinical health systems functions have on improving population health (e.g., supply chain, monitoring and evaluation), research and program planners should consider the potential that task shifting could have for other health systems-related activities. For example, it is possible that lower-skilled professionals could perform routine tasks related to monitoring the supply chain or tracking patient data without compromising the quality of the activity. 3. The design and benefits of task shifting interventions will vary based on the context Policymakers and program planners must recognize that task shifting is not a panacea for improving health and efficiency, but rather one of many tools to use in order to improve the efficiency of the health system. This review identified a range of task shifting models which resulted in different types of cost savings. Of course, without proper design, task shifting may actually increase system costs or reduce efficiency, such as by worsening overall population health due to poor clinical quality or increasing the number of staff in the health care system without changing care-seeking patterns among patients. Interestingly, one study found that the same model of task shifting resulted in both cost increases and cost decreases in two different regions of the same country [31] . Further, task shifting can also result in task overload for health workers, which could also reduce productivity and worsen health population health outcomes [69] . The breadth of task shifting models covered in this review is consistent with other findings from the literature which also indicate the need to adapt task shifting models to local contexts and health systems. For example, one systematic review notes a number of factors which can impact the success of lay health worker programs, including acceptability of the model to patients, implementation challenges such as problems with training, and health systems bottlenecks such as challenges with payment [70] . Another systematic review specifically identified strong management of CHW programs as the most important factor in their scale-up [71] . This body of evidence therefore suggests that designing appropriate task shifting models requires a thorough investigation of the local context, disease burden, and program goals.
Limitations of the evidence, risks, and future directions for research
There are several limitations to the research and its findings. First, this study includes citations that measure changes in cost and efficiency very differently. Of course, looking strictly at cost-effectiveness thresholds, rather than cost savings and programmatic indicators as a proxy for cost-effectiveness, would have helped to standardize these findings to make them more comparable. However, limiting our analysis to cost-effectiveness thresholds would also have negatively altered the evidence base in our review by (1) eliminating studies which demonstrated savings but did not have a formal cost-effectiveness analysis and (2) including studies that may have achieved some level of cost-effectiveness but which did not actually achieve savings (i.e., those in which an intervention by a specific cadre of health worker met a costeffectiveness threshold). By researching the impact of task shifting on costs to the health system as a proxy measure for efficiency improvements, we have focused on a key aspect of decision-making directly relevant to policymakers. Second, unlike systematic reviews looking at health outcomes from highly specified clinical protocols, this review cannot predict the implications of a new task shifting program. Numerous factors in a given context will affect the outcomes of task shifting, including the burden of disease, the existing human resources for health, previous task shifting efforts, the social determinants of health, and the political economy of health. We caution that researchers and policymakers should not treat this review as a guarantee that future task shifting efforts will result in cost savings; rather, they should see this review as providing compelling evidence that task shifting can achieve cost savings if there is a need for such an intervention, and it is implemented appropriately.
Third, our search only identified two citations suitable for inclusion that examined task shifting within a hospital setting. Our search did not exclude programs that delivered services at a specific level, and the search included other citations focused on hospitals or specialty care that failed to meet inclusion criteria for other reasons (see select citations for examples [72] [73] [74] [75] ). This result suggests that the absence of evidence for task shifting within hospitals is likely due to the limited research on this topic to date. Nonetheless, LMICs have implemented programs to task shift hospital-based care, such as surgical services [76, 77] . Future research should examine models of task shifting within hospitals and their impacts on health outcomes, costs, and other relevant indicators.
Finally, as already discussed, the methodology of this review is limited by biases in reporting and publication of individual references.
Going forward, we feel that researchers, program planners, and policymakers should continue to collaborate to understand both the financial and health impacts of task shifting. Many new task shifting efforts are underway globally, and ensuring that all these programs report on cost-effectiveness thresholds and changes in costs to the system will increase the evidence base surrounding this important topic. In particular, more programmatic research is needed to confirm the preliminary findings that task shifting for activities related to NCDs, NTDs, and health systems strengthening can result in cost savings, and to understand the role that task shifting can play in hospital and specialty settings. At the same time, researchers should also carefully examine the risk of task overload from task shifting and design ways to prevent and mitigate this risk.
Conclusions
This review examined the evidence for task shifting in improving health systems efficiency in LMICs. The evidence indicates that task shifting for activities across a broad range of diseases, including TB, HIV/AIDS, malaria, childhood illness, NCDs, and NTDs, can result in cost savings without compromising clinical or programmatic quality. This review also revealed that countries have used different approaches to introduce task shifting for management of different conditions and that task shifting takes on many forms besides simply transferring clinical activities to CHWs. Going forward, researchers, program planners, and policymakers should carefully examine their local context in order to determine whether task shifting can improve health systems efficiency while also maintaining or improving population health. 
